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The nonextremal Kerr black holes have been considered to be holographically dual to two-
dimensional (2D) conformal field theories (CFTs). In this paper, we extend the holography to
the case of an asymptotically anti–de Sitter (AdS) rotating charged black holes in f(T ) gravity,
where f(T ) = T + αT 2, where α is a constant. We find that the scalar wave radial equation at
the near-horizon region implies the existence of the 2D conformal symmetries. We note that the 2pi
identification of the azimuthal angle φ in the black hole line element, corresponds to a spontaneous
breaking of the conformal symmetry by left and right temperatures TL and TR, respectively. We
show that choosing proper central charges for the dual CFT, we produce exactly the macroscopic
Bekenstein-Hawking entropy from the microscopic Cardy entropy for the dual CFT. These observa-
tions suggest that the rotating charged AdS black hole in f(T ) gravity is dual to a 2D CFT at finite
temperatures TL and TR for a specific value of mass M , rotational, charge, and f(T ) parameters,
Ω, Q, and |α|, respectively.
I. INTRODUCTION
According to ’t Hooft [1, 2], the combination of grav-
ity and quantum mechanics requires the information in
a three-dimensional (3D) world can be stored on a 2D
projection, much like a hologram. This is well known
as the holographic principle. This idea was inspired by
the study of the entropy of the black holes. The essential
outcome which is called the Bekenstein-Hawking formula
[3, 4], states that the entropy of a black hole is propor-
tional to the area of the event horizon, S = Area/4. The
actualization of this idea was discovered by Maldacena,
in his well-known anti–de Sitter/conformal field theory
(AdS/CFT) correspondence [5]. The AdS/CFT duality
relates a quantum field theory in N − 1 dimensions and
a quantum gravity theory in N dimensions. The degrees
of freedom of the CFT, live on the boundary of the AdS
spacetime.
The idea of AdS/CFT correspondence was extended
to the case of extremal rotating black holes, namely,
the Kerr/CFT correspondence which was proposed by
Guica et al. [6]. The correspondence states that the
physics of the extremal Kerr black holes, which are rotat-
ing with maximum angular velocity, can be described by
a 2D CFT, living on the near-horizon region of the black
holes. The correspondence was established by showing
that one can microscopically reproduces the Bekenstein-
Hawking entropy, using the CFT Cardy entropy formula.
As one would expect, the Kerr/CFT correspondence is
not only a peculiar property of extremal black holes
but also nonextremal Kerr black holes. However, at the
near-horizon region of the nonextremal Kerr black holes,
one cannot indicate any conformal symmetries. In other
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words, the conformal symmetries are not the symmetries
of the nonextremal Kerr black hole geometry (as they are
for the case of the extremal Kerr black holes). However,
it turns out that the “hidden” conformal symmetries can
be revealed by looking at the solution space of the radial
part of the Klein-Gordon equation, for a massless scalar
probe in the near-horizon region of the Kerr black holes
[7]. In this case, the radial equation, can be written as
the SL(2, R)L × SL(2, R)R Casimir eigenequation. Sub-
sequently, the Kerr/CFT correspondence can be estab-
lished by matching the microscopic CFT Cardy entropy
to the macroscopic Bekenstein-Hawking entropy of the
Kerr black holes with general angular momentum and
mass parameters. The correspondence has been studied
for several black holes solutions, for instance, in Refs. [8–
22].
The usual theory of gravity, based on the Riemannian
geometry, has been extended through several gravity the-
ories. One of them is the teleparallel gravity (TG) theory,
where the Ricci scalar R, is replaced by the teleparallel
torsion scalar T . Moreover, the TG has been generalized
to f(T ) gravity by replacing the torsion scalar T , with an
arbitrary function of T , such as f(T ). The charged black
hole solutions in f(T ) gravity was found first in Refs.
[23, 24]. In [25], Awad et al. find an asymptotically
rotating charged AdS black hole solution, in quadratic
f(T ) gravity, where f(T ) = T + αT 2. A very natural
question to be asked, is “Do we have any f(T )/Hidden
CFT correspondence?”, that we address in this article.
The outline of this paper is organized as follows. In
Sec. II, we review the f(T )-Maxwell gravity theory as
well as the rotating charged AdS black hole solutions, and
its thermodynamics aspects. In Sec. III, we consider the
massless Klein-Gordon wave equation, in the background
of the rotating charged AdS black holes, in quadratic
f(T ) gravity. In Sec. IV, we study the radial wave equa-
tion in the near-horizon region of the black holes, and
rewrite it as the SL(2, R)L × SL(2, R)R Casimir equa-
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2tion. In Sec. V, we find the central charges of the dual
CFT by matching the Cardy entropy for the dual CFT
to the macroscopic Bekenstein-Hawking entropy. There-
fore, we present evidence that the rotating charged AdS
black holes in quadratic f(T ) gravity, can be consid-
ered holographically dual to the CFT. In the final sec-
tion, we summarize our results and address some future
works. In this paper, we use the Planck units, in which
c = G = ~ = kB = 1.
II. f(T )-MAXWELL GRAVITY
A. Teleparallel gravity
The basic variables in TG are tetrad fields ea
µ, where
a = (0, 1, 2, 3) is the index of internal space and µ =
(0, 1, 2, 3) is the index of spacetime. The tetrad fields
satisfy
ea
µeaν = δ
µ
ν , ea
µebµ = δ
b
a. (1)
The tetrad fields are related to the spacetime metric and
its inverse
gµν = ηabe
a
µe
b
ν , g
µν = ηabea
µeb
ν , (2)
respectively, where ηab = diag (−,+,+,+) is the metric
of 4D Minkowski spacetime. Also, it can be shown that
e = det(eaµ) =
√−g, where g is the determinant of the
metric. In TG, we use the Weitzenbock connection
Wαµν = ea
α∂νe
a
µ = −eaµ∂νeaα, (3)
to define the covariant derivative, by
∇νeaµ = ∂νeaµ +Wµρνeaρ = 0. (4)
The Weitzenbock connection is curvaturefree, but it has
a non vanishing torsion
Tαµν = W
α
νµ −Wαµν = eiα
(
∂µe
i
ν − ∂νeiµ
)
. (5)
We define the torsion scalar by
T = TαµνSα
µν , (6)
where the superpotential tensor is
Sα
µν =
1
2
(
Kµνα + δ
µ
αT
βν
β − δναT βµβ
)
. (7)
We note that the contortion tensor Kαµν is given by
Kαµν =
1
2
(Tναµ + Tαµν − Tµαν) . (8)
B. Rotating charged AdS black holes
In this paper, we consider a four-dimensional rotating
charged AdS black hole solution in f(T )-Maxwell theory
with a negative cosmological constant where
f (T ) = T + αT 2. (9)
The dimensional negative parameter α is the coefficient
of the quadratic term of the scalar torsion. The action
of the f(T )-Maxwell theory in 4D, for an asymptotically
AdS spacetimes, is given by
S = 1
2K
∫
d4x |e| (f (T )− 2Λ− F∧∗F ), (10)
where Λ = −3/l2 is the 4D cosmological constant, l is
the length scale of AdS spacetime. The constant K in
(10) is related to the 4D Newton’s gravitational constant
G4, by K = 2Ω2G4, where Ω2 = 2pi
3/2/Γ (3/2), is the
volume of 2D unit sphere, and Γ(3/2) = 12
√
pi. In action
(10), F = dΦ˜, where Φ˜ = Φ˜µdx
µ is the gauge potential
one-form.
Varying action (10) with respect to the tetrad fields
and the Maxwell potential Φµ, one finds the field equa-
tions for gravity
Sµ
ρν∂ρTf
′′ (T )
+
[
e−1eaµ∂ρ (eeααSαρν)− TαλµSανλ
]
f ′ (T )
−δ
ν
µ
4
(
f (T ) +
6
l2
)
= −K
2
Temνµ, (11)
and the Maxwell’s equations
∂ν
(√−gFµν) = 0. (12)
respectively. In Eq. (11), Temνµ = FµαF να −
1/4δµ
νFαβF
αβ , is the energy-momentum tensor of the
electromagnetic field. The rotating charged AdS black
hole solution, is given by [25]
ds2 = −A(r)(Ξdt− Ωdφ)2 + dr
2
B(r)
+
r2
l4
(
Ωdt− Ξl2dφ)2 + r2
l2
dz2, (13)
where the range of coordinates are given by −∞ < t, z <
∞, 0 ≤ r <∞ and 0 ≤ φ < 2pi. In metric (13), we have
A(r) = r2Λeff − M
r
+
3Q2
2r2
+
2Q3
√
6 |α|
6r4
, (14)
B(r) = A(r)β(r), (15)
β(r) =
(
1 +Q
√
6 |α|/r2
)−2
, (16)
Ξ =
√
1 +
Ω2
l2
, (17)
where Λeff =
1
36|α| , and M , Q, and Ω are the mass
parameter, the charge parameter, and the rotation pa-
rameter, respectively. The parameter α cannot be zero,
since the effective cosmological constant Λeff , and the
3metric functions A(r) and B(r) become singular. The
gauge potential one-form Φ˜ is given by
Φ˜(r) = −Φ(r) (Ωdφ− Ξdt) . (18)
where Φ(r) = Qr +
Q2
√
6|α|
3r3 . We note that the torsion
scalar T , for the black hole solution (13), is given by
T (r) =
4A′(r)B(r)
rA(r)
+
2B(r)
r2
, (19)
where A(r) and B(r), in Eqs. (14) and (15).
We notice that setting the rotational parameter Ω = 0,
we find the static charged black hole configuration, as in
Ref. [26]. Moreover, turning off the mass parameter M
and Q, the metric (13) reduces to, the 4D AdS metric in
an uncommon coordinate system.
The horizons of the black holes are the positive roots
of A(r) = 0, among which, the outer one is denoted by
r+. The nonvanishing components of the contravariant
metric tensor are given by
gtt =
l4
(
A(r)Ω2 − r2Ξ2)
A(r)r2(Ξ2l2 − Ω2)2 , g
rr = B(r), gzz =
l2
r2
,
gφφ =
A(r)Ξ2l4 − r2Ω2
A(r)r2(Ξ2l2 − Ω2)2 ,
gtφ = gφt =
ΞΩl2
(
A(r)l2 − r2)
A(r)r2(Ξ2l2 − Ω2)2 , (20)
and the determinant of the metric is
√−g =
√
A(r)
B(r)
r2
(
Ξ2l2 − Ω2)
l3
. (21)
We find the area of the outer horizon A , by setting dt =
dr = 0 in the metric (13), and find
A =
2pi∫
0
dφ
L∫
0
dz
√
−g|dt=dr=0 =
2pir2+ΞL
l
. (22)
C. The first law of black hole thermodynamics
In this subsection, we review the first law of black hole
thermodynamics in f(T ) gravity. Generally, the first law
of black hole thermodynamics
δQ = τδS, (23)
where δQ and δS are the heat flux and the entropy
change, respectively, is violated in f(T ) gravity. The
Hawking temperature τ = κ/2pi in f(T ) gravity, where
κ is the surface gravity, is the same as one in the Ein-
stein gravity, since it is independent of dynamics of grav-
ity. The black hole solutions in f(T ) gravity, violate the
Clausius relation dS = dQ/τ , which suggest that black
hols in f(T ) gravity, even in a static spacetime, are in
nonequilibrium state and produce an intrinsic entropy
production [27].
The heat flux δQ along a Killing vector ξµ, is given by
δQ = κ
2pi
(
f ′ (T ) dA
4
) ∣∣∣dλ
0
+
1
8pi
∫
H
kν∂µf ′ (T ) (ξρSρνµ − ∂νξµ) dA dλ,(24)
where H is the black hole horizon, λ is the affine pa-
rameter, kµ = dxµ/dλ is the tangent vector to H, and
κ is the surface gravity of the surface H. The first term
in the right-hand side of Eq. (24) provides the first law
of black hole thermodynamics Ref. [27]. However, the
second term, in general, is not equal to zero. This term
maybe regarded as a contribution to the intrinsic entropy
production δSi, where
1
8pi
∫
kν∂µf ′ (T ) (ξρSρνµ − ∂νξµ) dA dλ = −τδSi. (25)
The Eq. (25) suggests that the f(T ) black holes are in
nonequilibrium thermodynamics, where
δQ = τδS − τδSi. (26)
Miao et al. [27] showed that the first law of thermo-
dynamics for the f(T ) black holes can be recovered ap-
proximatively, if f ′′ (T ) 1. In this approximation, the
intrinsic entropy production term in Eq. (24) can be ne-
glected, and the entropy of black holes in f(T ) gravity
becomes
S =
f ′ (T )A
4
. (27)
We note that in the case of f ′ (T ) = 1, the entropy pro-
duction δSi vanishes, and the entropy (27) reduces to the
Bekenstein-Hawking entropy in Einstein gravity.
FIG. 1: S as a function of M and Q. In these plots, we set
in which, Ω = 1, l = 1, |α| = 0.05, L = 1, and r+ = 1.
4Using Eqs. (9) and (22) in (27), we find the entropy of black holes in Eq. (13), as
S =
piΞL
(
7r+
6 + 9
√
6 |α|Qr+4 + 18M |α| r+3 − 54Q2 |α| r+2 − 42
√
6|α|3Q3
)
9l
(
Q
√
6 |α|+ r+2
)2 . (28)
Figure 1 shows the behavior of the entropy (28) versus the black hole parameters M and Q. Moreover, Figs. 2a
and 2b show the entropy versus the Ω and |α|, respectively.
(a) (b)
FIG. 2: (a) S as a function of Ω, with Q = 1, l = 1, α = 0.05, L = 1, r+ = 1, and several numerical values of M . (b)
S as a function of |α|, with M = 3.5, Q = 1, Ω = 1 L = 1, r+ = 1, and several numerical values of l.
III. MASSLESS SCALAR WAVE EQUATION
We consider a massless scalar field ψ, in the back-
ground of the rotating charged AdS black holes (13), in
quadratic f(T ) gravity. The scalar wave equation is given
by [28]
1√−g ∂µ
(√−ggµν∂νψ) = 0. (29)
We consider the following ansatz for the scalar field
ψ (t, r, z, φ) = e−iωt+ikz+imφR (r) , (30)
where ω is the frequency of the scalar field, m is the az-
imutal harmonic index, and k is the wave number. Sub-
stituting Eqs. (20), (21), and (30) into Eq. (29) , we find
the radial equation
B(r)
d2R (r)
dr2
+
(
rB(r)
dA(r)
dr
+ rA(r)
dB(r)
dr
+ 4A(r)B(r)
)
dR(r)
dr
+ V (r)R (r) = 0, (31)
where the potential V (r), is given by
V (r) =
r2
(
Ξl2ω − Ωm)2 −A(r)l2 {k2l4Ξ4 + k2Ω4 + l2 [m2Ξ2 − 2mΞΩω + Ω2 (ω2 − 2Ξ2k2)]}
A(r)r2(Ξ2l2 − Ω2)2 . (32)
In the near-horizon region, we expand the metric function
A(r) as a quadratic polynomial in (r − r+), such as
A(r) ' K (r − r+) (r − r∗) , (33)
where
K = 15r+
4Λeff − 3Mr+ + 3Q
2
2
, (34)
5r∗ = r+ −
2r+
(
2r+
4Λeff −Mr+ +Q2
)
10r+4Λeff − 2Mr+ +Q2 . (35)
We note that r∗ is not necessarily any of the black hole
horizons. In the near-horizon region, we consider the
low-energy limit for the scalar fields, where r+  1ω .
Moreover, we consider a limit where the outer horizon r+
is very close to r∗, in which, |r+ − r∗|  r+. Using these
two approximations, we find that the radial equation (31)
simplifies to
d
dr
{
(r − r+) (r − r∗) d
dr
R (r)
}
+
[(
r+ − r∗
r − r+
)
A+
(
r+ − r∗
r − r∗
)
B + C
]
R (r) = 0, (36)
where the constants A, B and C are given by
A = Dm
2 + Emω
K2r+2r∗3(Ξ2l2 − Ω2)2(r+ − r∗)2β
+
Fω2
Kr+2(Ξ2l2 − Ω2)2(r+ − r∗)2β
− C1, (37)
B = Gm
2 + Imω
K2r+3r∗(Ξ2l2 − Ω2)2(r+ − r∗)2β
+
Jω2
Kr+2(Ξ2l2 − Ω2)2(r+ − r∗)2β
+ C2, (38)
C = −2mΩ
(
Ξl2ω − Ωm/2)2 (r+2 + r+r∗ + r∗2)
(Ξ2l2 − Ω2)2K2r+3r∗3β
. (39)
In Eqs. (37)–(38), the constants C1 and C2 are given by
C1 = C2 = k
2l2/Kβ(r+ − r∗)2r+2, and
D = Ω2 (r+3 + 2r+2r∗ + 3r∗2r+)− l4Ξ2r∗3K, (40)
E = 2ΩΞl2 (Kl2r∗3 − r+3 − 2r+2r∗ − 3r+r∗2) , (41)
F = −l4Ω2, (42)
G = KΞ2l4r+r∗ − Ω2
(
3r+
2 + 2r+r∗ + r∗2
)
, (43)
I = 2l2ΞΩ [3r+2 − r+r∗ (Kl2 − 2)+ r∗2] , (44)
J = l4Ω2. (45)
IV. HIDDEN CONFORMAL SYMMETRY
To find the existence of the possible hidden symmetry,
we introduce the following conformal coordinates ω+, ω−
and y, in terms of the black hole coordinates t, r and φ
ω+ =
√
r − r+
r − r∗ e
2piTRφ+2nRt, (46)
ω− =
√
r − r+
r − r∗ e
2piTLφ+2nLt, (47)
y =
√
r+ − r∗
r − r∗ e
pi(TL+TR)φ+(nL+nR)t, (48)
where TL, TR, nL and nR are constants. We also define
the sets of local vector fields
H1 = i∂+, (49)
H0 = i
(
ω+∂+ +
1
2
y∂y
)
, (50)
H−1 = i(ω+2∂+ + ω+y∂y − y2∂−), (51)
as well as
H¯1 = i∂−, (52)
H¯0 = i
(
ω−∂− +
1
2
y∂y
)
, (53)
H¯−1 = i(ω−2∂− + ω−y∂y − y2∂+). (54)
The vector fields (49)–(54) obey the SL(2, R)L ×
SL(2, R)R algebra, as
[H0, H±1] = ∓iH±1, [H−1, H1] = −2iH0, (55)
[H¯0, H¯±1] = ∓iH¯±1, [H¯−1, H¯1] = −2iH¯0. (56)
The quadratic Casimir operators of SL(2, R)L ×
SL(2, R)R algebra, are given by
6H2 = H¯2 = −H20 +
1
2
(H1H−1 +H−1H1) =
1
4
(y2∂2y − y∂y) + y2∂+∂−. (57)
We notice that the Casimir operators (57), can be rewritten in terms of (t, r, φ) coordinates, as
H2 = (r − r+)(r − r∗) ∂
2
∂r2
+ (2r − r+ − r∗) ∂
∂r
+
(
r+ − r∗
r − r∗
)[(
nL − nR
4piG
∂φ − TL − TR
4G
∂t
)2
+ C2
]
−
(
r+ − r∗
r − r+
)[(
nL + nR
4piG
∂φ − TL + TR
4G
∂t
)2
− C1
]
, (58)
where G = nLTR − nRTL.
The Casimir operator (58) reproduces the radial equation (36), by choosing the right and left temperatures, as
TR =
r+K (r+ − r∗)
(
Ξ2l2 − Ω2)√βr+r∗δ
4piδ
, (59)
TL =
r+K
(
Ξ2l2 − Ω2) [r+4 + 2r+3r∗ + 6r+2r∗2 − 2r∗3r+ (Kl2 − 1)+ r∗4]√βr+r∗δ
4pi(r+ + r∗)
3
δ
, (60)
(a) (b) (c)
(d) (e) (f)
FIG. 3: (a) TR as a function of M , with Ω = 1, l = 1, |α| = 0.05, r+ = 1, and several numerical values of Q. (b) TR
as a function of Ω, with Q = 0.1, l = 1, |α| = 0.05, r+ = 1, and several numerical values of M . (c) TR as a function
of |α|, with Q = 0.1, M = 3.5, Ω = 1, r+ = 1, and several numerical values of l. (d), (e), and (f) TR as a function of
Q, with M = 3.5, l = 1, |α| = 0.05, r+ = 1, and several numerical values of Ω.
7(a) (b) (c)
(d) (e) (f)
(g) (h)
FIG. 4: (a), (b), and (c) TL as a function of M , with Ω = 1, l = 1, |α| = 0.05, r+ = 1, and several numerical values
of Q. (d), (e), and (f) TL as a function of Q, with M = 3.5, l = 1, |α| = 0.05, r+ = 1, and several numerical values
of Ω. (g) TL as a function of Ω, with Q = 0.1, l = 1, |α| = 0.05, r+ = 1, and several numerical values of M . (h) TL
as a function of |α|, with Q = 0.1, Ω = 1, M = 3.5, r+ = 1, and several numerical values of l.
8(a) (b) (c)
(d) (e) (f)
(g)
FIG. 5: (a) and (b) nL as a function of M , with Ω = 1, l = 1, |α| = 0.05, r+ = 1, and several numerical values of Q.
(c) nL as a function of Ω, with Q = 0.1, l = 1, |α| = 0.05, r+ = 1, and several numerical values of M . (d), (e), and
(f) nL as a function of Q, with M = 3.5, l = 1, |α| = 0.05, r+ = 1, and several numerical values of Ω. (g) nL as a
function of |α|, with Q = 0.1, Ω = 1, M = 3.5, r+ = 1, and several numerical values of l.
respectively, and
nR = 0, (61)
nL =
r∗2r+K
(
Ω2 − Ξ2l2)√βr+r∗δ
2Ωl2Ξ(r+ + r∗)
3 . (62)
9The constant δ in Eqs. (59)–(62), is given by δ = 3Ω2r+
2 − r+r∗
(
KΞ2l4 − 2Ω2)+ Ω2r∗2. Moreover, we find two
constraints for the parameters of the black hole solutions (13), such as
Ω2Ξ2l4
[−3r+2 + r∗r+ (Kl2 − 2)− r∗2]2
K2βr+3r∗(r+ − r∗)2(Ξ2l2 − Ω2)2
=
l4Ω2
r+2K(Ξ2l2 − Ω2)2(r+ − r∗)2β
, (63)
and
Ω2Ξ2l4
(
Kl2r∗3 − r+3 − 2r∗r+2 − 3r∗2r+
)2
K2βr+r∗5(r+ − r∗)2(Ω2 − Ξ2l2)2 (Kl4Ξ2r∗r+ − 3Ω2r+2 − 2Ω2r∗r+ − Ω2r∗2)
=
l4Ω2
r+2K(Ξ2l2 − Ω2)2(r+ − r∗)2β
.
(64)
(a) (b) (c)
FIG. 6: (a) TR as a function of M and Q. (b) TL as a function of M and Q. (c) nL as a function of M and Q. In
these plots, we set in which, Ω = 1, l = 1, |α| = 0.05, and r+ = 1.
We note that Eqs. (63) and (64) restrict the black hole
parameters, in accord with existence of the real positive
values for the outer horizon (and any other horizons), as
the roots of the triquadratic algebraic equation
A(r) = 0, (65)
where A(r) is given in (14).
Figure 3 shows the typical behavior of the right tem-
perature (59) versus different black hole parameters. Fig-
ures 3a, 3b and 3c show the right temperature versus M ,
Ω and |α|, respectively. Moreover, Figs. 3d, 3e and 3f
show the right temperature versus Q, for three different
ranges of the electric charge, where the black hole (13)
has real positive outer horizon.
Figure 4 shows the typical behavior of the left temper-
ature (60) versus different black hole parameters. Fig-
ures 4a, 4b and 4c show the left temperature versus M ,
for three different ranges of the mass parameter, where
the black hole (13) has real positive outer horizon. Fig-
ures 4d, 4e and 4f show the left temperature versus Q,
for three different ranges of the electric charge, where the
black hole (13) has real positive outer horizon. Moreover,
Fig. 4g shows the left temperature versus Ω. For several
values of the mass parameter, the left temperature is pos-
itive definite. Finally, Fig. 4h shows the monotonically
increasing behavior for the left temperature, versus |α|.
Moreover, Figs. 5a to 5g show the behavior of nL as
in (62), versus the black hole parameters M , Ω, Q and
|α|. We note that nR = 0, according to Eq. (61).
We also plot the right temperature (59), the left tem-
perature (60), and nL (62), versus the black hole mass
parameter M and the electric charge Q, in Figs. 6a, 6b,
and 6c, respectively.
We should emphasize that SL(2, R)L×SL(2, R)R is a
local hidden symmetry, for the solution space of massless
scalar field in the near region of the rotating charged AdS
black holes (13), in quadratic f(T ) gravity. The local hid-
den symmetry is generated by the vector fields (49)–(54),
which are not periodic under the angular identification
φ ∼ φ+ 2pi. (66)
These symmetries cannot be used to generate new global
solutions from the old ones. This can be interpreted as a
statement that the SL(2, R)L × SL(2, R)R symmetry is
spontaneously broken down to U (1)L×U (1)R subgroup
under the angular identification (66). As a result, we can
identify the left and right temperatures of the dual CFT.
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(g)
FIG. 7: (a) and (b) c as a function of M , with Ω = 1, l = 1, |α| = 0.05, L = 1, r+ = 1, and several numerical values
of Q. (c) c as a function of Ω, with Q = 0.1, l = 1, |α| = 0.05, L = 1, r+ = 1, and several numerical values of M .
(d), (e), and (f) c as a function of Q, with M = 3.5, l = 1, |α| = 0.05, L = 1, r+ = 1, and several numerical values
of Ω. (g) c as a function of |α|, with Ω = 1, Q = 0.1,M = 3.5, L = 1, r+ = 1, and several numerical values of l
V. CFT ENTROPY
We recall the Cardy entropy formula for the dual 2D
CFT with temperatures TL and TR
SCFT =
pi2
3
(cLTL + cRTR) , (67)
where cL and cR are the corresponding central charges
for the left and right sectors. The central charges can be
derived from the asymptotic symmetry group of the near-
horizon (near-)extremal black hole geometry. There is no
derivation for the central charges of the CFT dual to the
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nonextremal black holes, that we consider in this article.
Of course, we expect that the conformal symmetry of the
extremal black holes connects smoothly to those of the
nonextremal black holes, for which the central charges
are the same. The near-horizon extremal geometry for
spacetime (13) is still unknown and it is not a straightfor-
ward task to find that due to the triquadratic behavior of
the metric function A(r). As a result, we turn the logic
around and consider the favorite holographic situation,
in which, the Cardy entropy (67) produces exactly the
macroscopic entropy (27). Substituting Eqs. (28), (59),
and (60) to Eq. (67), we find the central charges
c ≡ cL = cR = 12ΞδL$(r+ + r∗)
3
lKr+2 (Ξ2l2 − Ω2) (r+3 + 2r+2r∗ + 3r+r∗2 − l2Kr∗3)
(
Q
√
6 |α|+ r+2
)2√
βr+r∗δ
,
where $ = r+
2
(
r+
2Q
√
6 |α|/2 + 7r+4/18 +M |α| r+ − 3Q2 |α|
)
− 7
√
6|α|3Q3/3.
We note that we only consider CFTs, in which the left
and right central charges are equal, c ≡ cL = cR [29, 30].
In Figs. 7–8 we plot the behavior of the central charges
(68) of the dual CFT, as a function of M , Ω, Q, and |α|.
FIG. 8: c as a function of M and Q. In these plots, we set
in which, Ω = 1, l = 1, |α| = 0.05, L = 1, and r+ = 1.
VI. CONCLUSIONS
In this paper, we extend the concept of black hole
holography to the nonextremal 4D rotating charged AdS
black holes in f(T )-Maxwell theory with a negative cos-
mological constant. We explicitly construct the hidden
conformal symmetry for the rotating black holes in f(T )-
Maxwell theory with a negative cosmological constant.
We mainly consider the near-horizon region, as the met-
ric function which determines the event horizon, is a
triple-quadratic equation. In this region, we show that
the radial equation of the scalar wave function could be
written as the SL(2, R)L × SL(2, R)R squared Casimir
equation, indicating a local hidden conformal symmetry
acting on the solution space. The conformal symmetry
is spontaneously broken under the angular identification
φ ∼ φ + 2pi, which suggests the rotating charged AdS
black holes in quadratic f(T ) gravity, should be dual to
the finite temperatures TL and TR mixed state, in the
2D CFT. Instead of calculating the central charges using
the asymptotic symmetry group, we calculated the cen-
tral charges by assuming the Cardy entropy for the dual
CFT, matches the macroscopic Bekenstein-Hawking en-
tropy. These results suggest that rotating charged AdS
black holes in quadratic f(T ) gravity with particular val-
ues of M , Ω, Q, and |α|, are dual to a 2D CFT.
It is an open question to find the near-horizon (near-
)extremal geometry of the rotating charged AdS space-
time in quadratic f(T ) gravity. We may calculate the
central charges using the asymptotic symmetry group to
confirm our results in this article. We can also study
on various kinds of superradiant scattering off the near-
extremal black hole as a further evidence to support
the holographic picture for the nonextremal 4D rotating
charged AdS black holes in f(T )-Maxwell theory with
a negative cosmological constant. We leave addressing
these open questions for future articles.
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